Abstract. In wireless communications using massive multiple-input multiple-output (MIMO) channel modalities as would be required for communications with distributed sensing modalities to enable Internet of Things (IoT) connectivity, channel equalization must be performed following channel estimation using system identification tools. This contribution shows the necessity for extending existing subspace multiple output-error state space (MOESP) algorithms with their fractional-order equivalents to perform channel identification.
Introduction
Massive multiple-input multiple-output (MIMO) is a technology that uses hundreds of antenna elements at the base station to service tens of terminals in the same time-frequency resource [1] . This technology is being proposed for fifth generation (5G) wireless communications, and is said to achieve the benefits of multiuser MIMO such as increased capacity, increased data rate, enhanced reliability, reduced latency, improved energy efficiency, improved spectrum efficiency and reduced interference but at a greater extend [2] and with simple linear processing. But one of the limiting factors in achieving these benefits in massive MIMO systems is the channel estimation accuracy. In this paper we propose the use of state-space models to estimate the channel, i.e. system identification. Subspace system identification (SSI) algorithms namely the MOESP fractional-order algorithm will be used to identify the system. Works using subspace identification in communications can be found in [3 -5] .
System model
We consider a massive MIMO wireless system as shown in figure 1 with a base station equipped with m transmitting antenna elements and a terminal station equipped with p receiving antenna elements, where in massive MIMO systems, mp  . We assume that the channel is quasi-static. Training symbols known to both the transmitter and receiver are inserted at the start of each frame to assist with channel estimation. The receiver then applies this input-output data to the MOESP fractional-order subspace algorithm to estimate the massive MIMO channel. The following assumptions are necessary for system identification: The system is persistently excited by the training symbols. The system is stable, observable and controllable. The dimension of matrix A as in (2) is known, and
, where n is the order of the system. Lastly, the random noise is irrelevant to the input signal.
The received signal is expressed as: 
System identification using the MOESP fractional-order model
The dynamics of the massive multiple-input multiple-output linear-time invariant (MIMO LTI) system can be modelled using fractional-order state-space model and (1) can be expressed as [6] :  corresponds to the k-th eigenvalue of A [7] .
Taking the Laplace transform of (2) the transfer function of the system is written as:
Since the continuous-time state-space representation of commensurate fractional-order systems is similar to that of integer-order systems, the analysis of the MOESP fractional-order model will follow that of the classical MOESP model as proposed in [6] . For simplicity, we ignore the effects of the additive noise and after several  -order fractional derivatives of (2) we obtain: 
